Background: Surgical resection has been the first choice for treatment of pulmonary metastases from colorectal cancer; however, indications for surgery have yet to be adequately clarified. In considering strategies for the treatment of pulmonary metastases from colorectal carcinoma, determination of disease status as either systemic or pre-systemic is of primary importance. The aim of this study is to define the characteristics of those patients who are most likely to benefit from surgical resection. Methods: Fifty-eight patients who underwent pulmonary resection for colorectal metastases were retrospectively reviewed and examined for clinicopathological factors. Results: Overall, 5-year survival rates were 29%, with a median survival time (MST) of 27 months. Multivariate analysis identified four factors that indicate independent and favourable prognostic impact: three or less tumours, metachronous metastasis, negative hilar and/or mediastinal lymph node metastasis and normal prethoracotomy serum carcinoembryonic antigen level. The 5-year survival rate for 16 patients who satisfied all of these favourable characteristics was 62% (MST = 86 months), which was significantly better than those patients lacking these characteristics. The 5-year survival rate for 13 patients who underwent repeated metastasectomy was 37% (MST = 32 months). Conclusions: The four factors selected in our multivariate analysis appear to be favourable factors for the practical identification of those patients who are most likely to benefit from surgical resection. Repeated pulmonary resection for lung-only recurrence may benefit carefully selected patients.
INTRODUCTION
More than half of all patients undergoing resection for colorectal carcinoma have recurrence of this disease, while 10% develop pulmonary metastases (1) (2) (3) . Since Blalock (4) first described pulmonary resection for metastases from colorectal carcinoma, surgical resection has been the first choice for the treatment of pulmonary metastases, as for liver metastases. Previous studies reported outcomes ranging from 27 to 40.5% and discussed significant prognostic factors (5) (6) (7) (8) (9) (10) (11) . As the safety of the operation has improved over time, indications have been extended more widely; however, a substantial proportion of pulmonary metastases tend to be part of systemic disease, so criteria for the resection of pulmonary metastases have yet to be established. In the present study, we aim to define those patients who are most likely to benefit from surgical resection by investigating outcome, long-term results and factors associated with prolonged survival.
PATIENTS AND METHODS
A total of 58 consecutive patients who had undergone pulmonary resection for metastatic colorectal cancer between January 1978 and December 1997 at the Mitsui Memorial Hospital, Tokyo, Japan, were included in this study. The pulmonary lesions were evaluated with conventional chest computed tomography and measurement of serum carcinoembryonic antigen (CEA) level in all 58 patients. Indications for pulmonary resection of metastatic colorectal cancer were as follows: (i) completely resectable lung lesions diagnosed by preoperative imaging, (ii) ability of the patient to tolerate the required surgical procedure and that the remaining respiratory function would be sufficient for normal life and (iii) surgically controllable extra-pulmonary disease, including the primary lesion.
The medical charts of 58 patients were reviewed and examined for age; sex; site of primary tumour; grade of primary tumour (Dukes' classification); time of appearance of pulmonary metastases; disease-free interval (DFI); prethoracotomy serum CEA level; mode of operation; presence of pathological hilar and/or mediastinal lymph node metastasis; hepatectomy for liver metastases before thoracotomy; duration of survival; location, number and size of pulmonary metastases; postoperative chemotherapy; and date of pulmonary resection. Survival was calculated from the time of thoracotomy until death or the date of the most recent followup. Statistical calculations were performed with a statistical analysis package (SPSS 9.0, SPSS, Inc, Chicago, III). The actuarial overall survivals were calculated using the Kaplan-Meier method, and differences in the resulting distributions were compared using the log-rank test. The Cox proportional hazards model was employed for multivariate analysis.
RESULTS
All 58 patients underwent complete resection for pulmonary metastases from colorectal cancer. There was no operative or in-hospital mortality.
The patients comprised 30 men and 28 women, with a median age of 63 years (range: 33-87 years). The primary carcinoma was located in the colon in 38 patients (caecum: 5, ascending: 13, transverse: 2, descending: 2, sigmoid: 16) and in the rectum in 20. Twenty-two patients graded in Dukes' B, 34 in Dukes' C and 2 patients were unknown who were operated for the primary tumour in the other hospital. We had no patient graded in Dukes' A. The median interval between primary colorectal surgery and metastatic pulmonary resection was 25 months (range: 0-76 months). Twenty-seven patients had a DFI of <2 years, of whom eight had synchronous lung metastases. Twenty-three patients had solitary metastases, 16 had 2 metastases, 10 had 3 metastases, and 9 had 4 or more (maximum 12) metastases. The CEA level was elevated in 32 patients (cut-off value <5.0 ng/ml). Seventeen patients had liver metastases and had undergone a complete hepatic metastasectomy before thoracotomy. Because the lung metastases were near the pulmonary hilus or the size of the nodule was large, hilar and/or mediastinal lymph nodes were dissected or sampled with segmentectomy or lobectomy in 28 patients. Twenty-four patients received postoperative systemic chemotherapy by oral administration or drip infusion.
Median follow-up interval after initial thoracotomy was 24 months (range: 5-233 months). Overall survival rates at 5 and 10 years were 29 and 20%, respectively. Median survival time (MST) was 27 months (Fig. 1) . At the time of the present study, all six 10-year survivors were alive with no evidence of recurrence. One of the 10-year survivors had limited lung metastasis and underwent repeated pulmonary resection.
Eleven of the 58 patients (19%) have no evidence of recurrence, 7 of whom are currently alive. Median follow-up interval of them was 129 months (range: 5-233 months). The remaining 47 patients (81%) developed recurrence. Thirtyfive of 47 patients (74%) had recurrence in the lungs, of whom 17 had lung-only metastases; 13 of these 17 patients underwent repeated pulmonary resection for recurrence. Ten patients underwent thoracotomy twice while three patients had three or more resections. During the second thoracotomy, wedge resection was performed in eight patients, lobectomy in four patients and pneumonectomy in one patient. There were no operative deaths and all patients returned to a normal quality of life. The median follow-up interval after the second thoracotomy was 32 months (range: 10-102 months). The median interval between the first and second pulmonary resections was 16 months (range: 6-44 months). Five-year survival for all 13 patients from the date of the second thoracotomy was 37% (MST = 32 months). One patient underwent thoracotomy five times and lived for 81 months from the time of the first thoracotomy. The mode of recurrence of 35 patients who did not undergo repeated thoracotomy was unresectable multiple nodules in the lung, liver, brain, bones, abdominal lymph nodes and other organs, independently or combined.
Univariate analysis revealed that the following factors significantly affect survival: number of pulmonary metastases and hilar and/or mediastinal lymph node metastasis ( Table 1) . The 5-year survival rate for patients with <3 metastases was 35%. No patients with four or more nodules survived >3 years (44% at 2-year survival, P = 0.002). Similarly, no patients with positive mediastinal lymph node metastases survived longer than 3 years. Time to appearance of metastasis and prethoracotomy serum CEA level showed marginal significance for post-resection prognosis (P = 0.09, 0.057, respectively). None of the other factors listed in Table 1 was chosen as a prognostic factor. Table 2 shows the results of multivariate analysis. Thirteen potential prognostic factors from the factors listed in Table 1 were entered into the Cox proportional hazards regression model. Factors that retained independent and favourable 
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Pulmonary resection for metastatic CRC prognostic impact were three or less tumours, metachronous metastasis, negative hilar and/or mediastinal lymph node metastasis and normal prethoracotomy serum CEA level ( Table 2) . Sixteen of 58 patients satisfied all of these favourable characteristics, 10 of whom (63%) are currently alive without recurrence; 2 patients died of other causes. The 5-and 10-year survival rates for these 16 patients were 62 and 43%, respectively (MST = 86 months; Fig. 2) . Meanwhile, the remaining 42 patients who did not have all of the favourable characteristics had 5-and 10-year survival rates of 17 and 10%, respectively (MST = 25 months). There was a statistically significant difference in the survival rates between these two groups (P < 0.001).
DISCUSSION
Since Thomford et al. (12) first reported the indications for pulmonary metastasectomy in 1965, resection of pulmonary metastases has been recognized as the only curative therapy, as no curative chemotherapy is available for metastatic colorectal adenocarcinoma. Many authors have investigated the factors that significantly influence post-thoracotomy prognosis, including (i) number of pulmonary metastases (6,9,10), (ii) hilar and/or mediastinal lymph node metastasis (7-9,13), (iii) prethoracotomy CEA level (13-16), (iv) time of appearance of metastasis, (v) liver metastasis before thoracotomy (7), (vi) mode of operation and (vii) location of pulmonary metastases (8) .
In the present study, four factors were identified as independent prognostic factors for survival after metastasectomy: (i) number of pulmonary metastases, (ii) time of appearance of metastasis, (iii) hilar and/or mediastinal lymph node metastasis and (iv) prethoracotomy serum CEA level. The significantly favourable outcome of the patients satisfying all four factors indicates that such patients are the most promising candidates for pulmonary resection. The outcome of the favourable group is similar to that of stage III primary rectal carcinoma, that is, without distant metastasis (17) .
Metastasectomy of the lung for patients with multiple metastases once had poor survival rates (18) ; however, recent studies have shown that the survival of patients with oligometastasis (two or three lesions) is better than previously reported. Pfannschmidt et al. (9) reported solitary metastases as a significant prognostic factor. In addition, patients with up to four metastases demonstrated a better survival than patients with more than four metastases.
In our study, the 5-year survival rate of those patients with three or fewer lesions was 35%. The post-resection outcome of those patients with four or more lesions was very poor. Seven of 26 patients who had oligometastases have lived >5 years; on the other hand none of them has lived >3 years. And there was no significance in the analysis between solitary and multiple, or between two and three metastases. Similar results were reported after resection of multiple colorectal liver metastases (19) . A recent study has indicated that tumour number is not a limiting factor for surgical resection for colorectal liver metastasis (20) . This study was relatively small and there was unbalanced distribution of the number of metastasis. Thus, further data on resecting multiple lung metastases from colorectal cancer is necessary to draw a conclusion regarding the relationship between multiple lesions and favourable surgical outcome. Patients with oligometastases might benefit from surgical pulmonary resection.
Hilar and/or mediastinal lymph node metastasis has been reported as a significant prognostic factor of survival (7) (8) (9) 13) . Survival of patients with lymph node metastasis is very poor. In our study, hilar and/or mediastinal lymph nodes were examined in 28 patients. There were no patients with a lymph node metastasis who lived >3 years. Both univariate and multivariate analysis showed a statistically significant difference in survival between patients with lymph node metastases and those without. We have no evidence that hilar and/or mediastinal lymph node dissection can control disease.
For colorectal liver metastasis, as well as lung metastasis, the presence of regional lymph node metastases in the hepatoduodenal ligament carries a certainty of poor post-resection outcome (20, 21) . As involving regional lymph nodes of the metastatic organ such as liver and lung may indicate a strong 
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Pulmonary resection for metastatic CRC likelihood of systemic disease, dissection of those lymph nodes rarely contributes to prolonged survival for patients with positive nodes. However, sampling of hilar and/or mediastinal lymph nodes is important for predicting the clinical course after metastasectomy and therefore should be attempted (8, 9, 13) . The presence of positive nodes in preoperative images may be a strong factor for negative selection for surgical resection, although the accuracy of assessing the lymph nodes for the possible presence of metastatic tumour is disputable (9) . So, the histological evaluation of enlarged hilar and/ or mediastinal lymph nodes during the operation should be performed, because the finding of metastatic nodal involvement would determine inoperability or indicate a systemic chemotherapy. Prethoracotomy CEA level is also an independent prognostic factor for post-resection outcome, as reported in previous studies. CEA level is a potential indicator of both total tumour mass and the ability of tumour cells to express CEA (22) . Several previous studies found that CEA levels showed no correlation with tumour burden (23, 24) , while Mayer et al. reported that CEA enhanced liver metastases by functioning as an attachment factor (25) . CEA is known to participate in intracellular recognition and promote adhesion of tumour cells to host cells (26) . CEA level might therefore reflect the highly malignant nature of cancer cells that induce systemic dissemination. In the present study, an abnormal CEA level was identified as an independent prognostic factor.
As regards the the size of the metastasis, Goya et al. (2) reported a significant difference between patients in whom the maximal size was 3 cm or more and patients in whom the size was <3 cm, although other reports (7, 8, 18) have denied these results. In this study, patients divided to subgroup by 3 cm, but we could not find out the significant difference.
The 5-year survival rate of repeated pulmonary resection for recurrence of colorectal carcinoma in the remnant lungs has been reported as 24.5-52.1% (6, 8, 27) . In the present study, the 5-year survival rates for repeated resection for colorectal pulmonary metastases was 37% (MST = 32 months), similar to the 5-year survival rates for the first pulmonary resection. Of 17 patients surviving >5 years, 6 underwent repeated pulmonary resection. While the rate of repeated pulmonary resection was not high (49%), this procedure might provide a cure for carefully selected patients, as in repeated liver resection for recurrent colorectal liver metastases (28) .
This study emphasizes the fact that surgical approach for colorectal pulmonary metastases is beneficial to selected patients. For the determination of disease status as systemic or pre-systemic, the four factors, (i) number of pulmonary metastases, (ii) time of appearance of metastasis, (iii) hilar and/or mediastinal lymph node metastasis, and (iv) prethoracotomy serum CEA level, appear to be robust and practical indicators. Repeated pulmonary resection for lung-only recurrence may be beneficial for a highly selective subgroup of patients, and should be employed when possible.
